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AERODYNAMIC SYSTEM FOR A WHEEL
HOUSING OF A VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application relates to and claims the benefit and
priority to European Application No. EP17382717.1, filed
Oct. 25, 2017.

TECHNICAL FIELD

The present invention relates to acrodynamic systems for
the wheel housing of vehicles, and to motor vehicles incor-
porating the acrodynamic systems.

BACKGROUND

Aerodynamic systems for the wheel housing of motor
vehicles are known. FR2897038A1 describes an aerody-
namic system for a wheel housing of a vehicle comprising
a tlap that can be displaced between a deployed position and
a retracted position, a rotating actuator and a transmission
mechanism coupled to the actuator and configured for
transmitting the movement of the actuator to the flap.

SUMMARY OF THE DISCLOSURE

Aerodynamic systems are disclosed that comprise a tlap
that can be displaced between a deployed position and a
retracted position, a rotating actuator and a transmission
mechanism coupled to the actuator and configured for
transmitting the movement of the actuator to the flap.

The aerodynamic systems further comprise at least one air
flow shutter device 1n the wheel housing, where the shutter
device 1s facing at least one air duct and where the shutter
device can be displaced between a closed position and an
open position.

The transmission mechanism 1s also configured for trans-
mitting the movement of the actuator to the shutter device,
not just to the displaceable flap, as mentioned above.

An aecrodynamic system for a wheel housing incorporat-
ing both a displaceable tlap and a shutter device 1s thereby
obtained, both elements being controlled through the same
actuator.

These and other advantages and features will become
evident 1n view of the drawings and detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a perspective view of an aerodynamic
system according to a first embodiment arranged 1n a wheel
housing of a vehicle, wherein the flap 1s 1n the retracted
position.

FIG. 2 shows a perspective view of the aerodynamic
system of FIG. 1, wherein the flap 1s mn the deployed
position.

FIG. 3 shows a perspective view ol the aerodynamic
system of FIG. 1 outside of the wheel housing and without
the actuator, 1n a first stable position.

FIG. 4 shows a perspective view ol the aerodynamic
system of FIG. 1 outside of the wheel housing and without
the actuator, 1n a second stable position.

FIG. 5 shows a perspective view ol the aerodynamic
system of FIG. 1 outside of the wheel housing and without
the actuator, 1n a third stable position.
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FIG. 6 shows a perspective view of the aerodynamic
system of FIG. 1 outside of the wheel housing and without
the actuator, 1n a fourth stable position.

FIG. 7 shows a perspective view of the flap of the
acrodynamic system of FIG. 1.

FIG. 8 shows a perspective view of the shutter device of
the aerodynamic system of FIG. 1.

FIG. 9 shows a perspective view of the transmission
mechanism of the aerodynamic system of FIG. 1.

FIG. 10 shows a side view of the acrodynamic system of
FIG. 1, 1n a first stable position.

FIG. 11 shows a side view of the aerodynamic system of
FIG. 1, 1n a second stable position.

FIG. 12 shows a side view of the acrodynamic system of
FIG. 1, 1n a third stable position.

FIG. 13 shows a side view of the acrodynamic system of
FIG. 1, 1n a fourth stable position.

FIG. 14 shows a front view of the acrodynamic system of
FIG. 1.

FIG. 15 shows a perspective view of an aerodynamic
system according to a second embodiment without the
actuator.

FIG. 16 shows a first perspective view of the flap of the
acrodynamic system of FIG. 15.

FIG. 17 shows a second perspective view of the flap of the
acrodynamic system of FIG. 15.

FIG. 18 shows a perspective view of the shutter device of
the aerodynamic system of FIG. 13.

FIG. 19 shows a perspective view of the first pinion/gear
wheel of the transmission mechanism of the aerodynamic
system of FIG. 15.

FIG. 20 shows a perspective view of the second pinion/
gear wheel of the transmission mechanism of the aerody-
namic system of FIG. 15.

FIG. 21 shows a second perspective view of the second
pinion/gear wheel of FIG. 20.

FIG. 22 shows a detailed view of the first pinion/gear
wheel of the transmission mechanism and of the flap of the
acrodynamic system of FIG. 15, the first blocking surface
cooperating with the lower blocking surface of the flap.

FIG. 23 shows a detailed view of the first pinion/gear
wheel of the transmission mechanism and of the flap of the
acrodynamic system of FIG. 15, the first transmission sur-
face being ready to engage the transmission surface of the
flap.

FIG. 24 shows a detailed view of the first pinion/gear
wheel of the transmission mechanism and of the flap of the
aerodynamic system of FIG. 15, the first transmission sur-
face engaging the transmission surface of the flap.

FIG. 25 shows a detailed view of the first pinion/gear
wheel of the transmission mechanism and of the flap of the
acrodynamic system of FIG. 15, the first transmission sur-
face being ready for disengaging the transmission surface of
the flap.

FIG. 26 shows a detailed view of the first pinion/gear
wheel of the transmission mechanism and of the flap of the
acrodynamic system of FIG. 135, the first blocking surface
cooperating with the upper blocking surface of the tlap.

FIG. 27 shows a perspective view of the transmission
mechanism of the aerodynamic system of FIG. 15.

DETAILED DESCRIPTION

An aerodynamic system 1 1s provided that 1s configured
for being arranged in the wheel housing 11 of a vehicle. The
wheel housing 11 of a vehicle 1s the part of the chassis
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surrounding the hollow space 1n which each of the wheels of
the vehicle 1s arranged, as partially shown 1n FIG. 1.

FIGS. 1 to 14 show a first embodiment of the aerody-
namic system 1. FIGS. 1 and 2 show the first embodiment
of the acrodynamic system 1 arranged 1n a wheel housing 11
ol a vehicle.

The aerodynamic system 1 comprises a flap 2 that can be
displaced between a deployed position and a retracted
position, and an air flow shutter device 3 that 1s facing an air
duct and can be displaced between a closed position and an
open position. The aerodynamic system 1 also comprises an
actuator 4 and a transmission mechanism 5 coupled to the
actuator 4 which 1s configured for transmitting the move-
ment of the actuator 4 to the tlap 2 and to the shutter device
3. In other possible embodiments not shown 1n the drawings,
the aecrodynamic system may comprise more than one shut-
ter device.

The aerodynamic system 1 1s capable of controlling the
movement of both the flap 2 and the shutter device 3 by
means of a single actuator 4, which allows manufacturing
this acrodynamic system 1 at a lower cost.

As described above, the flap 2 can be displaced between
a deployed position and a retracted position. The deployed
position 1s understood as that position 1n which part of the
flap 2 projects from the wheel housing 11, positioned
opposite the wheel and opposing the air reaching 1t from the
front part of the vehicle, as observed 1n FIGS. 2, 12 and 13.
This position allows the aerodynamics of the vehicle to
improve and fuel consumption to drop, and therefore allow-
ing contaminating emissions of the vehicle to also drop. It 1s
convenient that the flap 2 1s 1n the deployed position when
the vehicle 1s traveling at high speeds. The retracted position
1s understood as that position 1n which the flap 2 1s housed
in the wheel housing 11 of the vehicle or minimally projects
from the wheel housing 11, as observed in FIGS. 1, 10 and
11. It 1s suitable that the tlap 2 1s in the retracted position
when the vehicle travels at low speeds or over terrains with
obstacles.

As described above, the shutter device 3 can be displaced
between a closed position, in which the passage of air to the
wheel through the air duct is not allowed, and an open
position, 1n which the passage of air to the wheel 1s allowed.
The shutter device 3 thereby controls the passage of air from
an air duct 12 of the vehicle to the wheel depending on the
cooling needs of the brake device of the vehicle. Air can
enter the air duct 12 from the front, side or lower part of the
vehicle. The shutter device 3 thus allows reducing fuel
consumption of the vehicle by optimizing its aerodynamics,
because when the cooling needs of the brake device so allow
it, 1.e., when the brake does not require an air flow for
cooling, 1t closes ofl the passage of air. In contrast, when the
brake device requires air for cooling, the shutter device 3
allows the passage of air, obtaining proper cooling of the
brake device.

The shutter device 3 of this first embodiment comprises a
plurality of openings 31 and a plurality of closing surfaces
32. The wheel housing 11 in which the acrodynamic system
1 1s arranged comprises a plurality of openings 111 located
opposite the wheel of the vehicle and facing the air duct. In
the closed position of the shutter device 3, the closing
surfaces 32 of the shutter device 3 are arranged facing the
openings 111 of the wheel housing 11, as observed 1n FIGS.
10 and 13. As discussed above, this closed position allows
improving the aerodynamics of the vehicle. In the open
position, the openings 31 of the shutter device 3 are arranged
facing the openings 111 of the wheel housing 11 of the
vehicle, as shown 1in FIGS. 11 and 12. As discussed above,
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4

this open position allows the air reaching the acrodynamic
system 1 from the air duct 12 to traverse the wheel housing
11 through the shutter device 3, reaching the wheel, and
allowing the cooling of the brake device located i the
wheel.

In other embodiments not shown in the drawings, the
implementation of the shutter device can be done 1n any
other way known by the person skilled 1n the art, where the
shutter devices can be of the type with pivotable slats or a
roller blind-type, for example.

According to one embodiment the transmission mecha-
nism 5 comprises in a preferred embodiment at least a first
transmission surface transmitting the movement of the
actuator 4 to at least one transmission surface of the tlap 2
when the surfaces are coupled to one another, and at least a
first blocking surface blocking the tlap 2 when 1t cooperates
with at least one blocking surface of the flap 2. The trans-
mission mechamism 5 also comprises at least a second
transmission surface transmitting the movement of the
actuator 4 to at least one transmission surface of the shutter
device 3 when the surfaces are coupled to one another, and
at least a second blocking surface blocking the shutter
device 3 when it cooperates with at least one blocking
surface of the shutter device 3.

In the first embodiment, the transmission mechanism 5
comprises a first transmission surface 911 and a first block-
ing surface 912. The flap 2 in turn comprises a transmission
surface 61 and two blocking surfaces 62 and 63. The
surfaces 61, 62 and 63 are arranged 1n a driven element 6
comprised in the flap 2 and extending perpendicularly from
a front surface 25 of the flap 2, as shown 1n FIG. 7.

The first transmission surface 911 of the transmission
mechanmism 5 transmits the movement of the actuator 4 to the
transmission surface 61 of the flap 2 when the surfaces are
coupled to one another, and the first blocking surface 912 of
the transmission mechamsm 5 blocks the flap 2 when 1t
cooperates with one of the blocking surfaces 62 or 63 of the
first driven element 6 of the flap 2.

In this first embodiment, the transmission mechanism 5
also comprises a second transmission surface 921 and a
second blocking surface 922. The shutter device 3 1n turn
comprises two transmission surfaces 71 and 72, and three
blocking surfaces 73, 74 and 75. The surfaces 71 to 75 are
arranged 1 a driven element 7 comprised in the shutter
device 3 and extending perpendicularly from a front surface
35 of the shutter device 3, as shown 1n FIG. 8.

The second transmission surface 921 transmits the move-
ment of the actuator 4 to the transmission surfaces 71 and 72
of the shutter device 3 when the surfaces are coupled to one
another, and the second blocking surface 922 blocks the
shutter device 3 when 1t cooperates with the blocking
surfaces 73, 74 and 75 of the shutter device 3.

According to one embodiment, when the first transmis-
s1on surface 911 1s coupled to the transmission surface 61 of
the tlap 2, the second blocking surface 922 cooperates with
a blocking surface of the shutter device 3, the flap transi-
tioning from one position to another and the shutter device
being kept immobile. Preferably, when the second blocking
surface 922 cooperates with a blocking surface of the shutter
device 3, the second blocking surface 922 1s displaced
supported on the blocking surface of the shutter device, the
shutter device being kept immobile.

According to one embodiment, when the second trans-
mission surtace 921 1s coupled to the transmission surface of
the shutter device 3, the first blocking surface 912 cooper-
ates with the blocking surface of the flap 2, the shutter device
transitioning from one position to another and the flap being
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kept immobile. Preferably, when the first blocking surface
912 cooperates with the blocking surface of the tlap, the first
blocking surface 912 1s displaced supported on the blocking,
surface of the flap, the flap being kept immobile.

In this first embodiment, when the first transmission
surface 911 of the transmission mechanism 3 1s coupled to
the transmission surface 61 of the driven element 6 of the
flap 2, the second blocking surface 922 cooperates with one
of the blocking surfaces 73, 74 or 75 of the driven element
7 of the shutter device 3, the flap 2 transitioning from one
position to another and the shutter device 3 being kept
immobile. When the second blocking surface 922 cooper-
ates with one of the blocking surfaces 73, 74 or 75 of the
driven element 7 of the shutter device 3, the second blocking
surface 922 1s displaced supported on one of the blocking
surfaces 73, 74 or 75 of the driven element 7 of the shutter
device 3, the shutter device 3 being kept immobile.

Likewise, when the second transmission surface 921 of
the transmission mechanism 3 1s coupled to one of the
transmission surfaces 71 or 72 of the driven element 7 of the
shutter device 3, the first blocking surface 912 cooperates
with one of the blocking surfaces 62 or 63 of the first driven

clement 6 of the flap 2, the shutter device 3 transitioning
from one position to another and the flap 2 being kept
immobile. When the first blocking surface 912 of the driving
clement 8 cooperates with one of the blocking surfaces 62 or
63 of the first driven element 6 of the flap 2, the first
blocking surface 912 1s displaced supported on one of the
blocking surfaces 62 or 63 of the driven element 6 of the flap
2, the flap 2 being kept immobile.

In the first embodiment, the first blocking surface 912 and
the second blocking surface 922 of the transmission mecha-
nism 3 are convex surfaces, and the blocking surfaces 62 and
63 of the driven element 6 of the flap 2 and the blocking
surfaces 73, 74 and 75 of the driven element 7 of the shutter
device 3 are concave surfaces complementary to the first
blocking surface 912 and second blocking surface 922,
respectively.

According to one embodiment, the transmission of move-
ment between transmission surfaces 1s carried out by means
of the cooperation of at least one projection of one of the
surfaces with at least one housing of the other surface.

In the first embodiment, the first transmission surface 911
of the transmission mechanism 3 comprises a first projection
9110. Furthermore, the transmission surface 61 of the driven
clement 6 of the flap 2 comprises a transmission housing
610. The transmission of movement between the transmis-
sion mechanism 5 and the flap 2 1s therefore carried out by
means of the cooperation of the first projection 9110 of the
transmission surface 911 of the transmission mechanism 3
and the transmission housing 610 of the transmission surface
61 of the driven element 6 of the tlap 2.

Furthermore, 1n the first embodiment the second trans-
mission surface 921 of the transmission mechanism 3 com-
prises a second projection 9210. Furthermore, the transmis-
s1on surfaces 71 and 72 of the driven element 7 of the shutter
device 3 comprise two respective transmission housings 710
and 720. The transmission of movement between the trans-
mission mechanism 5 and the shutter device 3 1s therefore
carried out by means of the cooperation of the second
projection 9210 of the second transmission surface 921 of
the transmission mechanism 5 and one of the transmission
housings 710 or 720 of the transmaission surface 71 or 72 of
the driven element 7 of the shutter device 3.

FI1G. 7 shows the flap 2 of this first embodiment in detail.
As observed 1n this FIG. 7, the flap 2 has a curved shape so
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as to enable being housed inside the corresponding wheel
housing 11, which also has a curved shape concentric to that
of the surface of the wheel.

As discussed above, the flap 2 comprises the driven
clement 6 the transmission housing 610 of which 1s arranged
between the two blocking surfaces 62 and 63 of the driven
element 6, as shown 1n FIG. 7.

In this first embodiment, the flap 2 further comprises a slot
21 located parallel to the driven element 6 of the flap 2. The
flap 2 further comprises a hollow space 22, contiguous to the
slot 21, configured for coinciding with the plurality of
openings 31 and closing surfaces 32 comprised 1n the shutter
device 3.

In this first embodiment, the flap 2 comprises two side
walls 23 1n which first guiding means 24 guiding the flap 2
in 1ts displacement between the retracted position of the flap
2 and the deployed position thereof 1n the wheel housing 11
of the vehicle are arranged. In this first embodiment, the
guiding means 24 are wheels configured to enable being
displaced along guides arranged in the wheel housing 11 of
the vehicle.

FIG. 8 shows the shutter device 3 of this first embodiment
in detail. As observed in FIG. 8, the shutter device 3 has a
curved shape so as to enable being housed inside the
corresponding wheel housing 11, which also has a curved
shape concentric to that of the surface of the wheel.

As discussed above, the shutter device 3 comprises the
driven element 7 the transmission housings 710 and 720 of
which are arranged 1n an alternating manner between the
blocking surfaces 73, 74 and 75 of the driven element 7, as
shown 1 FIG. 8.

In this first embodiment, and as observed in FIG. 8, the
shutter device 3 has two side walls 33 located on both sides
of the driven element 7 and of the plurality of openings 31
and closing surfaces 32 comprised in the shutter device 3.
The side walls 33 of the shutter device 3 have second
guiding means 34 guiding the shutter device 3 in 1ts dis-
placement between the closed position of the shutter device
3 and the open position thereof. In this first embodiment, the
guiding means 34 are wheels configured to enable being
displaced along guides arranged 1n the tlap 2 of the vehicle.

In this first embodiment, and as shown in FIG. 3, the
driven element 7 of the shutter device 3 1s housed 1n the slot
21 of the flap 2 such that i1t can be displaced along the slot
21. Once the flap 2 and shutter device 3 are fitted together,
the shutter device 3 1s positioned in the rear part of the flap
2, as can be seen 1n FIG. 3. However, this relative arrange-
ment between the flap and the shutter device 1s not intended
to be a limitation of the present invention, and 1n other
embodiments the relative arrangement between flap and
shutter device could be another arrangement.

Likewise, the gmiding means used in this first embodiment
are not itended to be a limitation of the present invention,
and 1n other embodiments the guiding means could be
guiding means of another type and be arranged 1n another
mannet.

In this first embodiment, the actuator 4 and the transmis-
sion mechanism 5 are axially coupled to one another, as
shown 1 FIG. 1.

FIG. 9 shows the transmission mechanism 5 of the first
embodiment 1n detail. The transmission mechanism 5 com-
prises a lirst side area 81, a first central area 91, a second side
area 82, a second central area 92 and a third side area 83.

In this first embodiment, the first central area 91 com-
prises the first projection 9110 of the first transmission
surface 911. The first projection 9110 1s arranged transverse
to the first side area 81 and to the second side area 82. As
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discussed above, the first projection 9110 1s configured for
cooperating with the transmission housing 610 of the driven
clement 6 of the flap 2 and being displaced along the path of
the transmission housing 610. During the displacement, the
first transmission surface 911 of the first projection 9110 1s
coupled to the transmission housing 610 of the transmission
surface 61, transmitting the movement of the actuator 4 to
the transmission surface 61 of the flap 2, causing the flap 2
to be displaced.

In this first embodiment, the first central area 91 of the
transmission mechanism 3 also comprises the first convex-
shaped blocking surface 912 extending perpendicularly
between the first side area 81 and the second side area 82,
and configured for being supported on the blocking surfaces
62 and 63 of the driven element 6 of the flap 2. As discussed
above, the first blocking surface 912 of the transmission
mechanism 5 and the blocking surfaces 62 and 63 of the
driven element 6 of the flap 2 are complementary to one
another, such that when the actuator 4 transmaits 1ts rotational
movement to the transmission mechanism 5, when the first
blocking surface 912 of the transmission mechanism 5 1s
still facing one of the blocking surfaces 62 or 63 of the
driven element 6 of the flap 2, they will both cooperate with
one another, the first blocking surtace 912 being displaced 1in
its rotational movement over one of the blocking surface 62
or 63 of the driven element 6 of the flap 2, which 1s still
blocked, causing the flap 2 to remain immobile.

In this first embodiment, the second central area 92 of the
transmission mechanism S comprises the second projection
9210 the surface of which 1s the second transmission surface
921. The second projection 9210 1s arranged transverse to
the second side area 82 and third side area 83. As discussed
above, the second projection 9210 1s configured for coop-
erating with one of the transmission housings 710 or 720 of
the second driven element 7 of the shutter device 3 and being,
displaced along the path of the transmission housing 710 or
720. During the displacement, the second projection 9210 of
the second transmission surface 921 1s coupled to one of the
transmission housings 710 or 720 of the transmission sur-
tace 71 or 72 of the driven element 7 of the shutter device
3, transmitting the movement of the actuator 4 to the
transmission surtace 71 or 72 of the shutter device 3, causing
the shutter device 3 to be displaced.

In this first embodiment, the second central area 92 of the
transmission mechanism 5 also comprises the second con-
vex-shaped blocking surface 922 extending perpendicularly
between the second side area 82 and the third side area 83,
and configured for being supported on the blocking surfaces
73, 74 and 75 of the driven element 7 of the shutter device
3. As discussed above, the second blocking surface 922 of
the transmission mechanism 5 and the blocking surfaces 73,
74 and 75 of the driven element 7 of the shutter device 3 are
complementary to one another, such that when the actuator
4 transmits 1ts rotational movement to the transmission
mechanism 5, when the second blocking surface 922 1s still
facing one of the blocking surfaces 73, 74 or 75 of the driven
clement 7 of the shutter device 3, they will both cooperate
with one another, the second blocking surface 922 being
displaced 1n its rotational movement over the blocking
surtace 73, 74 or 75, which 1s still blocked, causing the
shutter device 3 to remain 1mmobile.

According to one embodiment, the width of the first
central area 91 1s equal to the width of the driven element 6
of the flap 2 and the width of the second central area 92 1s
equal to the width of the driven element 7 of the shutter
device 3. In the same manner, 1n this first embodiment, the
width of the second side area 82 1s equal to the distance
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separating the driven elements 6 and 7 when the flap 2 and
the shutter device 3 are fitted together, as shown 1n FIG. 14,
allowing the side area 82 to fit and be able to rotate in the
hollow space that 1s left between both driven elements 6 and
7, which are arranged parallel to one another.

In this first embodiment, the actuator 4 1s connected to the
first side area 81 of the transmission mechanism 5, as shown
in FIG. 1. However, 1n another embodiment, the actuator 4
could be connected to the third side area 83.

In this first embodiment, the aecrodynamic system 1 of the
invention has four stable positions. The control of the
vehicle will order the actuator 4 to perform the movements
required to transition from one stable position to another
stable position.

The first stable position of this first embodiment can be
observed 1n FIGS. 3 and 10. In this first stable position, the
shutter device 3 1s 1n the closed position and the flap 2 1s 1n
the retracted position. In this first stable position, the first
blocking surface 912 of the transmission mechanism 5 1s
supported on the blocking surface 62 of the driven element
6 of the flap 2. However, 1n this first stable position, the first
transmission surface 911 does not cooperate with any other
surface, 1.e., 1t 1s Iree. In this first stable position, the second
transmission surface 921 of the transmission mechanism 3 1s
arranged 1n the upper part of the first transmission housing
710, and the second blocking surface 922 1s supported on the
blocking surface 73 of the driven element 7 of the shutter
device 3.

Starting from this first stable position of this first embodi-
ment, 1f the actuator 4 starts to rotate in the counter-
clockwise direction as a result of the order sent by the
control of the vehicle, the first blocking surface 912 of the
transmission mechanism 5 will rotate supported on the
blocking surface 62 of the driven element 6 of the flap 2,
both surfaces collaborating with one another, such that the
driven element 6 of the flap 2 will be blocked, and therefore
the tlap 2 will still be immobile, 1.e., the tlap 2 will remain
in the retracted position. However, the first transmission
surface 911 will also rotate as a result of the rotational
movement transmitted by the actuator 4, until being
arranged 1n the upper part of the transmission housing 610.

In the rotational movement transmitted by the actuator 4
to the transmission mechanism 5, the second blocking
surface 922 of the transmission mechanism 5 will no longer
be facing the blocking surface 73 of the driven element 7 of
the shutter device 3, such that both blocking surfaces 922
and 73 will not collaborate with one another. Furthermore,
the second transmission surface 921 of the transmission
mechanism 5 will enter the first transmission housing 710 of
the driven element 7 of the shutter device 3, such that the
second transmission surface 921 will collaborate with the
transmission surtace 71 of the driven element 7 of the shutter
device 3, pulling the shutter device 3, and therefore con-
verting the rotational movement of the actuator 4, and
therefore of the transmission mechanism 5, into a movement
of linear displacement of the shutter device 3. The second
transmission surface 921 of the transmission mechanism 3
will enter the first transmission housing 710 until the axis of
rotation of the transmission mechanism 3 1s aligned with the
path of the first transmission housing 710. At that precise
time, the actuator 4 will continue rotating, and the second
transmission surface 921 of the transmission mechanism 3
will start to come out of the first transmission housing 710
of the driven element 7 of the shutter device 3, such that the
second transmission surface 921 will collaborate with the
transmission surtace 71 of the driven element 7 of the shutter
device 3, pulling the shutter device 3 until the second
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transmission surface 921 1s arranged in the upper part of the
first transmission housing 710, at which time the shutter
device 3 will be 1n an open position. During this movement
of displacement of the shutter device 3, the shutter device 3
will have transitioned from a closed position to an open
position, the aerodynamic system 1 reaching its second
stable position.

In this first embodiment, 1n the transition from the first
stable position to the second stable position, the flap 2 1s still
immobile because during the transition, the first blocking
surface 912 of the transmission mechanism 5 collaborates
with the blocking surface 62 of the driven element 6 of the
flap 2. During this transition, the shutter device 3 transitions
from a closed position to an open position because the
second transmission surface 921 of the transmission mecha-
nism 5 transmits the movement of the actuator 4 to the
transmission surface 71 of the shutter device 3 when the
transmission surfaces 921 and 71 are coupled to and coop-
crate with one another.

In this first embodiment, to transition from the second
stable position to the first stable position, the process
described above would be carried out 1n the reverse order, as
the actuator 4 rotates in the clockwise direction.

The second stable position of this first embodiment can be
observed in FIGS. 4 and 11. In this second stable position,
the shutter device 3 1s 1n the open position and the flap 2 1s
in the retracted position.

Starting from this second stable position of this first
embodiment, 1f the actuator 4 starts to rotate or continues to
rotate in the counter-clockwise direction as a result of the
order sent by the control of the vehicle, the first blocking
surface 912 of the transmission mechanism 3 will no longer
be facing the blocking surface 62 of the driven element 6 of
the tlap 2, such that both blocking surfaces 912 and 62 will
not collaborate with one another. On the other hand, the first
transmission surface 911 of the transmission mechanism 3
will enter the transmission housing 610 of the driven ele-
ment 6 of the tlap 2, such that the first transmission surface
911 will collaborate with the transmission surface 61 of the
driven element 6 of the flap 2, pulling the flap 2, and
therefore converting the rotational movement of the actuator
4, and therefore of the transmission mechanism 5, into a
movement of linear displacement of the flap 2. The first
transmission surface 911 of the transmission mechanism 3
will enter the transmission housing 610 of the driven ele-
ment 6 of the flap 2 until the axis of rotation of the
transmission mechanism 5 1s aligned with the path of the
transmission housing 610 of the transmission mechanism 3.
At that precise time, the actuator 4 will continue rotating,
and the first transmission surface 911 of the transmission
mechanism 5 will start to come out of the transmission
housing 610 of the driven element 6 of the flap 2, such that
the first transmission surface 911 will collaborate with the
transmission surface 61 of the driven element 6 of the flap
2, pulling the flap 2 until the first transmission surface 911
1s arranged 1n the upper part of the transmission housing
610, at which time the flap 2 will transition to a deploved
position. During this movement of displacement of the flap
2, the flap 2 will have transitioned from a retracted position
to a deployed position.

On the other hand, 1n the rotational movement transmaitted
by the actuator 4 to the transmission mechanism 5, the
second blocking surface 922 of the transmaission mechanism
5 will rotate supported on the blocking surface 74 of the
driven element 7 of the shutter device 3, both surfaces
collaborating with one another, such that the driven element
7 of the shutter device 3 will be blocked, and therefore the
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shutter device 3 will still be immobile, 1.e., the shutter device
3 will remain in the open position.

However, the second transmission surface 921 of the
transmission mechamsm 3 will also rotate as a result of the
rotational movement transmitted by the actuator 4 until
being arranged 1n the upper part of the second transmission
housing 720 of the driven element 7 of the shutter device 3.

At this precise time, the acrodynamic system 1 1s 1n 1ts
third stable position. In this first embodiment, 1n this tran-
sition from the second stable position to the third stable
position, the shutter device 3 1s still immobile because
during the transition, the second blocking surface 922 of the
transmission mechanism 5 collaborates with the blocking
surface 74 of the driven element 7 of the shutter device 3.
During this transition, the tlap 2 transitions from a retracted
position to a deployed position because the first transmission
surtace 911 of the transmission mechanism S transmits the
movement of the actuator 4 to the transmission surface 61 of
the flap 2 when the transmission surfaces 911 and 61 are
coupled to and cooperate with one another.

In this first embodiment, to transition from the third stable
position to the second stable position, the process described
above would be carried out in the reverse order, as the
actuator 4 rotates in the clockwise direction.

The third stable position of this first embodiment can be
observed 1n FIGS. 5 and 12. In this third stable position, the
shutter device 3 1s 1n the open position and the flap 2 1s 1n
the deployed position.

Starting from this third stable position of this first embodi-
ment, 1f the actuator 4 starts to rotate or continues to rotate
in the counter-clockwise direction as a result of the order
sent by the control of the vehicle, the first blocking surface
912 of the transmission mechanism 3 will rotate supported
on the blocking surface 63 of the driven element 6 of the flap
2, both surfaces collaborating with one another, such that the
driven element 6 of the flap 2 will be blocked, and therefore
the tlap 2 will still be immobile, 1.e., the tlap 2 will remain
in the deployed position. However, the first transmission
surface 911 of the transmission mechanism 3 will also rotate
as a result of the rotational movement transmitted by the
actuator 4, the transmission surface 911 being free, such that
it does not cooperate with any other transmission surface.

In the rotational movement transmitted by the actuator 4
to the transmission mechanism 5 the second blocking sur-
face 922 of the transmission mechanism 5 will no longer be
facing the blocking surface 74 of the driven element 7 of the
shutter device 3, such that both blocking surfaces 922 and 74
will not collaborate with one another. On the other hand, the
second transmission surface 921 of the transmission mecha-
nism 3 will enter the second transmission housing 720 of the
driven element 7 of the shutter device 3, such that the second
transmission surface 921 will collaborate with the transmis-
s1on surface 72 of the driven element 7 of the shutter device
3, pulling the shutter device 3, and therefore converting the
rotational movement of the actuator 4, and therefore of the
transmission mechanism 5, into a movement of linear dis-
placement of the shutter device 3. The second transmission
surface 921 of the transmission mechanism 5 will enter the
second transmission housing 720 until the axis of rotation of
the transmission mechanism 5 1s aligned with the path of the
second transmission housing 720. At that precise time, the
actuator 4 will continue rotating, and the second transmis-
sion surface 921 of the transmission mechanism 5 will start
to come out of the second transmission housing 720 of the
driven element 7 of the shutter device 3, such that the second
transmission surface 921 will collaborate with the transmis-
s1on surface 72 of the driven element 7 of the shutter device
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3, pulling the shutter device 3 until the second transmission
surface 921 1s arranged in the upper part of the second
transmission housing 720 of the driven element 7 of the
shutter device 3, at which time the shutter device 3 will
transition to a closed position. During this movement of
displacement of the shutter device 3, the shutter device 3
will have transitioned from an open position to a closed
position.

At this precise time, the aerodynamic system 1 1s in 1ts
fourth stable position. In this first embodiment, 1 this
transition from the third stable position to the fourth stable
position, the flap 2 1s still immobile because during the
transition, the first blocking surface 912 of the transmission
mechanism 5 collaborates with the blocking surface 63 of
the driven element 6 of the tlap 2. During this transition, the
shutter device 3 transitions from an open position to a closed
position because the second transmission surface 921 of the
transmission mechanism S transmits the movement of the
actuator 4 to the transmission surface 72 of the shutter
device 3 when the transmission surfaces 921 and 72 are
coupled to and cooperate with one another.

In this first embodiment, to transition from the fourth
stable position to the third stable position, the process
described above would be carried out in the reverse order, as
the actuator 4 rotates in the clockwise direction.

The fourth stable position of this first embodiment can be
observed i FIGS. 6 and 13. In this fourth stable position, the
shutter device 3 1s 1n the closed position and the flap 2 1s 1n
the deployed position.

FIGS. 15 to 26 show a second embodiment of the aero-
dynamic system 1 of the mvention.

The second embodiment differs from the first embodiment
in the transmission mechanism 5 and in the transmission and
blocking surfaces of the flap 2 and of the shutter device 3.
The remaining features are similar to the first embodiment,
so 1t 1s considered unnecessary to describe them again.

In this second embodiment, the flap 2 also comprises a
driven element 6, as shown 1n detail in FIG. 17. The driven
clement 6 comprises a transmission surface 61 and a lower
blocking surface 62 and an upper blocking surface 63. The
transmission surface 61 comprises a first rack 611, a second
rack 612 and a third rack 613.

The transmission mechanism 3 comprises a first pinion/
gear wheel 8 comprising a first transmission surface 841 and
two first blocking surfaces 811 and 831. The {irst transmis-
sion surface 841 comprises a first gear 84, a second gear 85
and a third gear 86.

The first transmission surface 841 of the first pinion 8
transmits the movement of the actuator 4 to the transmission
surface 61 of the first driven element 6 of the flap 2 when the
surfaces engage one another. Furthermore, the flap 2 1s
blocked when one of the first blocking surfaces 811 or 831
of the first pimion 8 cooperates with the lower blocking
surface 62 or the upper blocking surface 63 of the first driven
clement 6 of the flap 2.

In this second embodiment, the shutter device 3 also
comprises a driven element 7, as shown in FIG. 18. The
driven element 7 comprises a transmission surface 71 and a
blocking surface 73. The transmission surface 71 comprises
a first rack 711 and a second rack 712.

The transmission mechamism 3 also comprises a second
pinion 9 comprising a second transmission surface 931 and
a second blocking surface 920. The second transmission
surface 931 comprises a first gear 93 and a second gear 94.

The second transmission surface 931 of the second pinion
9 transmits the movement of the actuator 4 to the transmis-
s1on surface 71 of the driven element 7 of the shutter device
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3 when the surfaces engage one another. Furthermore, the
shutter device 3 1s blocked when the second blocking
surface 920 of the second pinion 9 cooperates with the
blocking surface 73 of the driven element 7 of the shutter
device 3.

In this second embodiment, when the first transmission
surface 841 of the first pinion 8 1s coupled to the transmis-
sion surface 61 of the driven element 6 of the flap 2, the
second blocking surface 920 of the second pinion 9 coop-
erates with the blocking surface 73 of the driven element 7
of the shutter device 3, the flap 2 transitioning from one
position to another and the shutter device 3 being kept
immobile. When the second blocking surface 920 of the
second pinion 9 cooperates with the blocking surface 73 of
the driven element 7 of the shutter device 3, the second
blocking surface 920 1s displaced supported on the blocking
surface 73 of the driven element 7 of the shutter device 3, the
shutter device 3 being kept immobile.

Likewise, when the second transmission surface 931 of
the second pinion 9 1s coupled to the transmission surface 71
of the driven element 7 of the shutter device 3, one of the
first blocking surfaces 811 or 831 of the first pinion 8
cooperates with the lower blocking surface 62 or the upper
blocking surface 63 of the driven element 6 of the flap 2, the
shutter device 3 transitioning from one position to another
and the tlap 2 being kept immobile. When one of the first
blocking surfaces 811 or 831 of the first pinion 8 cooperates
with the lower blocking surface 62 or the upper blocking
surface 63 of the driven element 6 of the flap 2, one of the
first blocking surfaces 811 or 831 i1s displaced supported on
the lower blocking surface 62 or the upper blocking surface
63 of the driven element 6 of the flap 2, the flap 2 being kept
immobile.

According to one embodiment the first blocking surfaces
811 and 831 of the first pinion 8, and the second blocking
surface 920 of the second pinion 9 are convex surfaces, and
the lower blocking surface 62 or the upper blocking surface
63 of the driven element 6 of the flap 2 and the blocking
surface 73 of the driven element 7 of the shutter device 3 are
concave surfaces complementary to the first blocking sur-
faces 811 and 831 and second blocking surface 920, respec-
tively.

In this second embodiment, the transmission surfaces
therefore comprise a plurality of alternating projections and
housings forming a first rack and pinion-type connection
between the pinion 8 and the racks 611, 612 and 613, and a
second rack and pinion-type connection between the pinion
9 and the racks 711 and 712.

In this second embodiment, the first pinion 8 1s coupled to
the actuator 4, the first pinion 8 being coupled in turn to the
second pinion 9. The first pinion 8 transmits rotation to the
second pinion 9 by means of a turn reduction drive mecha-
nism. In this second embodiment, the turn reduction drive
mechanism 1s a Geneva drive, as shown 1n FIG. 27. In other
possible embodiments, the turn reduction drive mechanism
can be of any other type known by the person skilled 1n the
art.

FIG. 16 shows the flap 2 of this second embodiment 1n
detail. The flap 2 comprises a frame 21 defining a hollow
space 22 demarcated by two longitudinal walls 23 and two
transverse walls 24.

In this second embodiment, the flap 2 also comprises, on
one of the longitudinal walls 23, the driven clement 6
comprising the first rack 611, the second rack 612 and the
third rack 613. As discussed above, the first, second and
third racks 611, 612 and 613 form the transmission surface
61. The driven element 6 further comprises a lower blocking
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surface 62 and an upper blocking surface 63. The lower and
upper blocking surfaces 62 and 63 have a concave shape.

As observed 1n detail 1n FIG. 17, the first, second and third
racks 611, 612 and 613 are parallel to one another. The
second rack 612 1s located between the first rack 611 and the
third rack 613, such that part of the path of the first rack 611
and part of the path of the second rack 612 coincide, and part
of the path of the second rack 612 and part of the path of the
third rack 613 also coincide, as shown 1n FIGS. 16 and 17.
The lower blocking surface 62 1s located parallel to the first
rack 611, and the upper blocking surface 63 is located
parallel to the third rack 613.

In this second embodiment, the driven element 6 1s
arranged 1n one of the longitudinal walls; however, this
arrangement 1s not intended to be a limitation of the present
invention, and i other embodiments 1t could be arranged 1n
the other longitudinal wall, or even 1n a central area.

FI1G. 18 shows the shutter device 3 of this second embodi-
ment in detail. The shutter device 3 has two side walls 33.

In this second embodiment, the driven element 7 of the
shutter device 3 1s arranged on one of the side walls 33. As
discussed above, the driven element 7 comprises a first rack
711 and a second rack 712 forming the transmission surface
71 of the shutter device 3. The driven element 7 further
comprises a concave-shaped blocking surface 73.

As observed 1n FIG. 18, the first rack 711, the second rack
712 and the blocking surface 73 are parallel to one another,
and the second rack 712 1s located between the first rack 711
and the blocking surface 73, such that part of the path of the
rack 711 and part of the path of the rack 712 coincide.

In this second embodiment, the driven element 7 1is
arranged 1n one of the side walls; however, this arrangement
1s not mtended to be a limitation of the present mnvention,
and 1n other embodiments it could be arranged 1n the other
side wall, or even 1n a central area.

FIG. 19 shows the detail of the first pinion 8. The pimion
8 comprises a first side area 81, a second side area 83 and
a coupling area 82.

In this second embodiment, the actuator 4 1s connected to
the first side area 81 of the pinion 8.

In this second embodiment, as shown 1n FIG. 19, the first
side areca 81 of the pinion 8 comprises one of the first
convex-shaped blocking surfaces 811, having a diameter
greater than the rest of the surface of this first side area 81,
not constituting a blocking surface. The first blocking sur-
tace 811 1s configured for being supported on the lower
blocking surface 62 of the driven element 6 of the flap 2, the
first blocking surface 811 and the lower blocking surface 62
being complementary to one another.

In this second embodiment, as shown 1n FIG. 19, the
second side area 83 of the pinion 8 comprises one of the first
convex-shaped blocking surfaces 831, having a diameter
greater than the rest of the surface of this second side area
83, not constituting a blocking surface. The first blocking
surface 831 1s configured for being supported on the upper
blocking surface 63 of the driven element 6 of the flap 2, the
first blocking surface 831 and the upper blocking surface 63
being complementary to one another.

As discussed above, 1n this second embodiment, the first
pinion 8 and the second pinion 9 are coupled by means of a
mechanism referred to as a Geneva drive, the coupling area
82 of the first pinion 8 being configured for cooperating with
the Geneva drive of the second pinion 9. This mechanism
allows each complete rotation of the first pinion 8 to be
converted mto a 90° rotation of the second pimion 9.

In this second embodiment, and as shown 1n FIG. 19, the
first pinion 8 further comprises between the first side area 81
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and the second side area 83 the first gear 84, the second gear
85 and the third gear 86, configured for engaging the first,
second and third racks 611, 612 and 613 of the flap 2,

respectively.

The first gear 84 comprises a recessed projection 8411
with respect to the rest of the teeth of the first gear 84.
Furthermore, the first rack 611 comprises a pair of recessed
teeth 6111 with respect to the rest of the teeth of the first rack
611, as observed 1 FIG. 23. The cooperation between the
recessed projection 8411 of the first gear 84 and the recessed
teeth 6111 of the first rack 611 enables the engagement and
disengagement action between the first gear 84 and the first
rack 611, as shown 1n FIG. 23.

The third gear 86 comprises a recessed projection 8611
with respect to the rest of the teeth of the third gear 86.
Furthermore, the third rack 613 comprises a pair of recessed
teeth 6131 with respect to the rest of the teeth of the third
rack 613, as observed 1n FIG. 25. The cooperation between
the recessed projection 8611 of the third gear 86 and the
recessed teeth 6131 of the third rack 613 enables the
engagement and disengagement action between the third
gear 86 and the third rack 613, as shown 1 FIG. 25.

FIGS. 20 and 21 show the second pinion 9 of the second

embodiment. The second pimion 9 comprises a first side area
91 and a second side area 92.

In this second embodiment, the first side area 91 1s a
Geneva drive, configured for cooperating with the coupling
area 82 of the first driving wheel 8 as described above.

In this second embodiment, the second side area 92 of the
second pinion 9 comprises a second convex-shaped blocking
surface 920, having a diameter greater than the rest of the
surface of this second side area 92, not constituting a
blocking surface. The second blocking surface 920 i1s con-
figured for being supported on a blocking surtace 73 of the
driven element 7 of the shutter device 3. The second
blocking surface 920 of the second side areca 92 of the
second pinion 9 and the blocking surface 73 of the driven
clement 7 are complementary to one another.

In this second embodiment, and as shown in FIGS. 20 and
21, the second pinion 9 further comprises between the first

side area 91 and the second side area 92 the first gear 93 and
the second gear 94 configured for engaging the first and
second racks 711 and 712 of the shutter device 3, respec-
tively. The first and second gears 93 and 94 form the second
transmission surface 931.

The first gear 93 comprises a recessed projection 9311
with respect to the rest of the teeth of the first gear 93.
Furthermore, the first rack 711 comprises a pair of recessed
teeth 7111 with respect to the rest of the teeth of the first rack
711, as observed in FIGS. 18 and 20. The cooperation
between the recessed projection 9311 of the first gear 93 and
the recessed teeth 7111 of the first rack 711 enables the
engagement and disengagement action between the first gear
93 and the first rack 711.

The second gear 94 comprises a recessed projection 9411
with respect to the rest of the teeth of the second gear 94.
Furthermore, the second rack 712 comprises a pair of
recessed teeth 7121 with respect to the rest of the teeth of the
third rack 712, as observed in FIGS. 18 and 21. The
cooperation between the recessed projection 9411 of the
second gear 94 and the recessed teeth 7121 of the second
rack 712 enables the engagement and disengagement action
between the second gear 94 and the second rack 712.

The manner i which the first pinion 8 and the driven
clement 6 arranged 1n the flap 2, and the second pinion 9 and
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the driven element 7 of the shutter device 3 interact when the
actuator 4 transmits 1ts movement to the first driving wheel

8 will be described below.

The aerodynamic system 1 of this second embodiment has
the same four stable positions mentioned for the first
embodiment. The control of the vehicle will order the
actuator 4 to perform the movements required to transition
from one stable position to another stable position.

In the first stable position, the shutter device 3 1s 1n the

closed position and the tlap 2 1s in the retracted position. In
the first stable position, the first blocking surface 811 of the
first side area 81 of the first pinion 8 1s still facing the lower
blocking surface 62 of the tlap 2, whereas the first gear 93
of the second pinion 9 1s ready to engage the first rack 71 of
the driven element 7 of the shutter device 3.

Starting from the first stable position, 1f the actuator 4
rotates 1n the counter-clockwise direction, the first blocking,
surface 811 of the first side area 81 of the first pinion 8
cooperates with the lower blocking surface 62 of the flap 2,
causing the flap 2 to remain immobile, as shown 1n FIG. 22.
At the end of the transition from the first stable position to
the second stable position, the first gear 84 will be ready to
engage the first rack 611, as shown 1n FIG. 23.

On the other hand, the first gear 93 of the second pinion
9 will engage the first rack 71 of the driven element 7 of the
shutter device 3, the shutter device 3 being displaced to the
open position. At the end of the transition from the first
stable position to the second stable position, the second
blocking surface 920 of the second pinion 9 will be ready to
fit 1n the blocking surface 73 of the shutter device 3.

In this second embodiment, to transition from the second
stable position to the first stable position, the process
described above would be carried out 1n the reverse order, as
the actuator 4 rotates 1n the clockwise direction.

In the second stable position of this second embodiment,
the shutter device 3 1s 1n the open position and the tlap 2 1s
in the retracted position.

Starting from this second stable position of this second
embodiment, 1f the actuator 4 starts to rotate or continues to
rotate 1n the counter-clockwise direction, the first, second
and third gears 84, 85 and 86 forming the first transmission
surface 841, engage the first, second and third racks 611, 612
and 613 forming the transmission surface 61 of the flap 2,
the first transmission surface 841 transmits the movement of
the actuator 4 to the transmission surface 61 of the flap 2,
causing the flap 2 to be displaced to the deployed position.
At the end of the transition from the second stable position
to the third stable position, the first blocking surface 831 of
the first pinion 8 will be ready to fit in the upper blocking
surtace 63 of the tlap 2, as shown i FIG. 25.

On the other hand, the second blocking surface 920 of the
second pinion 9 fits 1n the blocking surface 73 of the shutter
device 3, causing the shutter device 3 to remain immobile.
At the end of the transition from the second stable position
to the third stable position, the second gear 94 will be ready
to engage the second rack 712.

In this second embodiment, to transition from the third
stable position to the second stable position, the process
described above would be carried out 1n the reverse order, as
the actuator 4 rotates in the clockwise direction.

In this third stable position, the shutter device 3 is in the
open position and the flap 2 1s in the deployed position.

Starting from this third stable position of this second
embodiment, 1f the actuator 4 starts to rotate or continues to
rotate in the counter-clockwise direction, the first blocking,
surface 831 of the second side area 83 of the first pinion 8
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cooperates with the upper blocking surface 63 of the flap 2,
causing the flap 2 to remain immobile, as shown 1n FIG. 26.

On the other hand, the second gear 94 of the second pinion
9 will engage the second rack 72 of the driven element 7 of
the shutter device 3, the shutter device 3 being displaced to
the closed position.

In this second embodiment, to transition from the fourth
stable position to the third stable position, the process
described above would be carried out in the reverse order, as
the actuator 4 rotates 1n the clockwise direction.

In the two embodiments that have been described, 1t has
been considered that the flap moves between two positions,
and the shutter device moves between two positions as well.
However, the fact that only two positions have been con-
templated 1n each of them 1s not itended to be a limitation
of the present mnvention, and in other embodiments the flap
and the shutter device could transition through additional
intermediate positions 1n addition to the two positions.

In both embodiments, 1t has been considered that in the
first stable position the shutter device i1s i1n the closed
position and the flap 1n the retracted position; in the second
stable position the shutter device is 1n the open position and
the tlap 1n the retracted position; 1n the third stable position
the shutter device 1s 1n the open position and the flap 1n the
deployed position; and in the fourth stable position the
shutter device 1s 1n the closed position and the flap in the
deployed position. This combination of flap and shutter
device states and positions are not intended to be a limitation
of the present invention. In other embodiments, the stable
states of the aerodynamic system could be other states and
the order of the transitions between states could be different
from those of the two embodiments described herein.

The following clauses disclose 1n an unlimited way
embodiments ol acrodynamic systems for a wheel housing
of a vehicle.

Clause 1: Aerodynamic system for a wheel housing of a
vehicle, comprising a flap (2) that can be displaced between
a deployed position and a retracted position, a rotating
actuator (4), and a transmission mechanism (3) coupled to
the actuator (4) and configured for transmitting the move-
ment of the actuator (4) to the flap (2), at least one air flow
shutter device (3) in the wheel housing, where the shutter
device (3) 1s facing at least one air duct (12) and where the
shutter device (3) can be displaced between a closed position
and an open position, where the transmission mechanism (5)
1s also configured for transmitting the movement of the
actuator (4) to the shutter device (3).

Clause 2: Aerodynamic system according to clause 1,
wherein the transmission mechanism (3) comprises at least
a first transmission surface (911; 841) transmitting the
movement of the actuator (4) to at least one transmission
surface (61) of the tlap (2) when the surfaces are coupled to
one another, and at least a first blocking surface (912; 811,
831) blocking the flap (2) when it cooperates with at least
one blocking surface (62, 63) of the flap (2), the transmission
mechanism (5) also comprising at least a second transmis-
sion surface (921; 931) transmitting the movement of the
actuator (4) to at least one transmission surtace (71, 72; 71)
of the shutter device (3) when the surfaces are coupled to
one another, and at least a second blocking surface (922;
920) blocking the shutter device (3) when it cooperates with
at least one blocking surface (73, 74, 75; 73) of the shutter
device (3).

Clause 3: Aerodynamic system according to clause 2,
wherein when the first transmission surface (911; 841) 1s
coupled to the transmission surface (61) of the tlap (2), the
second blocking surface (922; 920) cooperates with the
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blocking surface (73, 74, 75; 73) of the shutter device (3),
the flap (2) transitioning from one position to another and the
shutter device (3) being kept immobile, and when the second

transmission surface (921; 931) 1s coupled to the transmis-
sion surface (71, 72; 71) of the shutter device (3), the first

blocking surface (912; 811, 831) cooperates with the block-
ing surface (62, 63) of the flap (2), the shutter device (3)
transitioning from one position to another and the flap (2)
being kept immobile.

Clause 4: Aerodynamic system according to clause 2 or 3,
wherein when the first blocking surface (912; 811, 831)
cooperates with the blocking surface (62, 63) of the flap (2),
the first blocking surface (912; 811, 831) 1s displaced
supported on the blocking surface (62, 63) of the flap (2), the
flap (2) being kept immobile, and when the second blocking
surface (922; 920) cooperates with the blocking surface (73,
74, 75; 73) of the shutter device (3), the second blocking
surface (922; 920) 1s displaced supported on the blocking
surtace (73, 74, 75; 73) of the shutter device (3), the shutter
device (3) being kept immobile.

Clause 5: Aerodynamic system according to clause 4,
wherein the first blocking surface (912; 811, 831) and the
second blocking surface (922; 920) are convex surfaces, the
blocking surfaces (62, 63) of the flap (2) being concave
surfaces complementary to the first blocking surface (912;
811, 831), and the blocking surfaces (73, 74, 75; 73) of the
shutter device (3) being concave surfaces complementary to
the second blocking surface (922; 920).

Clause 6: Aerodynamic system according to any of
clauses 2 to 5, wherein the transmission of movement
between transmission surfaces (911, 921, 61, 71, 72; 841,
931, 61, 71) 1s carried out by means of the cooperation of at
least one projection (9110, 9210; 89, 99) of one of the
surfaces with at least one housing (610, 710, 720; 69, 79) of
the other surface.

Clause 7: Aerodynamic system according to clause 6,
wherein the transmission surfaces (841, 931, 61, 71) com-
prise a plurality of alternating projections (89, 99) and
housings (69, 79) forming rack and pinion-type connections,
the transmission mechanism (5) comprising a first pinion (8)
cooperating with a rack (611, 612, 613) arranged 1n the flap
(2), and a second pinion (9) cooperating with a rack (711,
712) arranged 1n the shutter device (3).

Clause 8: Aerodynamic system according to clause 7,
wherein the first pinion (8) 1s coupled to the actuator (4) and
the first pinion (8) transmuits rotation to the second pinion (9)
by means of a turn reduction drive mechanism.

Clause 9: Aerodynamic system according to clause 8,
wherein the turn reduction drive mechanism 1s a Geneva
drive.

Clause 10: Aerodynamic system according to any of
clauses 7 to 9, wherein the first pinion (8) comprises at least
one recessed projection (8411, 8611) and the rack (611, 612,
613) of the flap (2) comprises at least one recessed projec-
tion (6111, 6131) at the beginning and/or at the end of the
rack (611, 612, 613), such that it facilitates the engagement
and disengagement function with respect to the first pinion
(8), and the second pinion (9) comprises at least one
recessed projection (9311, 9411) and the rack (711, 712) of
the shutter device (3) comprises at least one recessed pro-
jection (7111, 7121) at the beginming and/or at the end of the
rack (711, 712), such that 1t facilitates the engagement and
disengagement function with respect to the second pinion
(9).

Clause 11: Aerodynamic system according to any of the
preceding clauses, wherein the displaceable shutter device

(3) comprises a plurality of first openings (31) and a plurality
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of closing surfaces (32), where the shutter device (3) is
configured so that when 1t 1s arranged 1n the closed position
the first closing surfaces (32) coincide with openings (111)
of the wheel housing (11) and so that when it 1s arranged 1n
the open position the first openings (31) coincide with the
openings (111) of the wheel housing (11).
Clause 12: A motor vehicle comprising an acrodynamic
system according to any of the preceding clauses.
What 1s claimed 1s:
1. An aerodynamic system configured for use 1n a vehicle
to regulate air flows from a forward part of the vehicle
towards a wheel of a vehicle located rearward of the forward
part, the system comprising:
a shutter device having a forward side and a rear side and
being configured to regulate a first air flow from the
forward side to the rear side, the shutter device con-
figured to be displaced in a closing direction towards a
closed position and 1n an opening direction towards an
open position, 1n the closed posmon the shutter device
shuts ofl the first air flow, in the open position the
shutter device opens the first air flow;
a tlap device that includes a tlap having a forward side and
a rear side, the flap being configured to be displaced 1n
a downward deploying direction toward a deployed
position and an upward retracting direction towards a
retracted position, in the deployed position the flap
projects downward a {first distance from the retracted
position for the purpose of opposing a second air flow,
in the retracted position the flap does not project
downward or projects downward a second distance
from the retracted position less than the first distance to
facilitate a passage of the second air tlow;
a rotating actuator; and
a transmission mechanism coupled to the rotating actuator
and configured to transmit the movement of the rotating
actuator to cause the shutter device to be displaced
between the open and closed positions and to transmit
the movement of the actuator to cause the flap to be
displaced between the deployed and retracted positions,

wherein a movement of the shutter device between the
open and closed positions does not result 1n a move-
ment of the flap.

2. The aerodynamic system according to claim 1, wherein
a displacement of the flap between the retracted and
deployed positions does not result 1n a movement of the
shutter device.

3. The aerodynamic system according to claim 1, wherein
a displacement of the flap between the retracted and
deployed positions does not result 1n a movement of the
shutter device.

4. An aecrodynamic system configured for use 1n a vehicle
to regulate air flows from a forward part of the vehicle
towards a wheel of a vehicle located rearward of the forward
part, the system comprising:

a shutter device having a forward side and a rear side and
being configured to regulate a first air flow from the
forward side to the rear side, the shutter device con-
figured to be displaced 1n a closing direction towards a
closed position and 1n an opening direction towards an
open position, 1n the closed p031t1011 the shutter device
shuts ofl the first air flow, in the open position the
shutter device opens the first air flow;

a tlap device that includes a tlap having a forward side and

a rear side, the flap being configured to be displaced 1n

a downward deploying direction toward a deployed

position and an upward retracting direction towards a

retracted position, 1n the deployed position the flap
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projects downward a first distance from the retracted
position for the purpose of opposing a second air flow,
in the retracted position the flap does not project
downward or projects downward a second distance
from the retracted position less than the first distance to
facilitate a passage of the second air tlow;

a rotating actuator; and

a transmission mechanism coupled to the rotating actuator

and configured to transmit the movement of the rotating

actuator to cause the shutter device to be displaced

between the open and closed positions and to transmit

the movement of the actuator to cause the flap to be

displaced between the deployed and retracted positions,
wherein:

the flap device includes a first transmission surface and a

first blocking surface;
the shutter device includes a first transmaission surface and
a first blocking surface;

the transmission mechamsm including a first transmission
surface that 1s configured to engage with the first
transmission surface of the flap device to transmit the
movement of the rotating actuator into a movement of
the flap 1n the deploying direction or the retracting
direction;

the transmission mechanism including a first blocking

surface that 1s configured to engage with the first
blocking surface of the flap device to prevent move-
ment of the flap 1n either of the deploying direction or
the retracting direction;

the transmission mechanism including a second transmis-

sion suriace that 1s configured to engage with the first
transmission surface of the shutter device to transmit
the movement of the rotating actuator into a movement
of the shutter device in the opeming direction or the
closing direction; and

the transmission mechanism 1ncluding a second blocking

surface that 1s configured to engage with the first
blocking surface of the shutter device to prevent move-
ment of the tlap 1n either of the opening direction or the
closing direction.

5. The aecrodynamic system according to claim 4, wherein
when the first transmission surface of the transmission
mechanism 1s coupled to the first transmission surface of the
flap device, the second blocking surface of the transmission
mechanism cooperates with the first blocking surface of the
shutter device, the flap 1s moved 1n the deploying direction
or the retracting direction while the shutter device 1s pre-
vented from moving.

6. The acrodynamic system according to claim 5, wherein
when the second transmission surface of the transmission
mechanism 1s coupled to the first transmission surface of the
shutter device, the first blocking surface of the transmission
mechanism cooperates with the first blocking surface of the
flap device, the shutter device 1s moved in the opening
direction or the closing direction while the and the flap 1s
prevented from moving.

7. The acrodynamic system according to claim 4, wherein
when the second transmission surface of the transmission
mechanism 1s coupled to the first transmission surface of the
shutter device, the first blocking surface of the transmission
mechanism cooperates with the first blocking surface of the
flap device, the shutter device 1s moved in the opening
direction or the closing direction while the and the flap 1s
prevented from moving.

8. The acrodynamic system according to claim 4 wherein
when the first blocking surface of the transmission mecha-
nism cooperates with the first blocking surface of the flap
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device, the first blocking surface of the transmission mecha-
nism 1s displaced supported on the first blocking surface of
the flap device with the flap being kept immobile, and when
the second blocking surface of the transmission mechanism
cooperates with the first blocking surface of the shutter
device, the second blocking surface of the transmission
mechanism 1s displaced supported on the first blocking
surface of the shutter device, the shutter device being
prevented from moving.

9. The aerodynamic system according to claim 8, wherein
the first blocking surface and the second blocking surface of
the transmission mechanism are convex suriaces, the first
blocking surface of the flap device being a concave suriace,
and the first blocking surface of the shutter device being a
concave surface.

10. The aerodynamic system according to claim 4,
wherein the first and second transmission surfaces of the
transmission mechanism respectively comprise first and
second projections, the first transmission surface of the flap
device comprising a first housing having walls on which the
first projection acts to cause a movement of the flap 1n the
deploying direction or in the retracting direction, the first
transmission surface of the shutter device comprising a first
housing having walls on which the second projection acts to
cause a movement of the shutter device 1in the opening
direction or in the closing direction position.

11. An acrodynamic system configured for use in a vehicle
to regulate air flows from a forward part of the vehicle
towards a wheel of a vehicle located rearward of the forward
part, the system comprising;:

a shutter device having a forward side and a rear side and
being configured to regulate a first air flow from the
forward side to the rear side, the shutter device con-
figured to be displaced in a closing direction towards a
closed position and in an opening direction towards an
open position, 1n the closed position the shutter device
shuts ofl the first air flow, in the open position the
shutter device opens the first air flow;

a tlap device that includes a tlap having a forward side and

a rear side, the flap being configured to be displaced 1n
a downward deploying direction toward a deployed
position and an upward retracting direction towards a
retracted position, in the deployed position the flap
projects downward a first distance from the retracted
position for the purpose of opposing a second air tlow,
in the retracted position the flap does not project
downward or projects downward a second distance
from the retracted position less than the first distance to
facilitate a passage of the second air tlow;

a rotating actuator; and

a transmission mechanism coupled to the rotating actuator

and configured to transmit the movement of the rotating
actuator to cause the shutter device to be displaced
between the open and closed positions and to transmit
the movement of the actuator to cause the flap to be
displaced between the deployed and retracted positions,
wherein the transmission mechanism comprises a first plu-
rality of transmission surfaces disposed about a first gear
wheel and the flap device comprises a first rack having a
plurality of transmission surfaces, the plurality of transmis-
s1on surfaces of the first rack configured to engage with the
first plurality of transmission surfaces of the first gear wheel
to cause the flap device to be moved 1n either the deploying
direction or the retracting direction, the transmission mecha-
nism further comprising a second plurality of transmission
surfaces disposed about a second gear wheel and the shutter
device comprises a first rack having a plurality of transmis-
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sion surfaces, the plurality of transmission surfaces of the
first rack of the shutter device configured to engage with the
plurality of transmission surfaces of the second gear wheel
to cause the shutter device to be moved 1n either the opening
direction or the closing direction.

12. The aerodynamic system according to claim 11,
wherein each of the flap device, shutter device, first gear
wheel and second gear wheel 1ncludes a blocking surtace,
the blocking surface of the first gear wheel configured to
engage with the blocking surface of the flap device to
prevent movement of the flap 1n erther of the deploying
direction or the retracting direction, the blocking surface of
the second gear wheel configured to engage with the block-
ing surface of the shutter device to prevent movement of the
shutter device i either of the opening direction or the
closing direction.

13. The aerodynamic system according to claim 12,
wherein the first gear wheel 1s coupled to the second gear
wheel by a turn reduction drive mechanism that transmits a
rotation of the first gear wheel to the second gear wheel or
a rotation of the second gear wheel to the first gear wheel.

14. The aerodynamic system according to claim 13,
wherein the first gear wheel 1s coupled to and rotated by the
rotating actuator.

15. The aerodynamic system according to claim 14,
wherein the flap device includes first and second blocking
surfaces respectively located at opposing first and second
ends of the first rack of the flap device.

16. The aerodynamic system according to claim 12,
wherein when the plurality of transmission surfaces of the
first rack of the flap engage with the first plurality of
transmission surfaces of the first gear wheel of the trans-
mission mechanism causing the flap device to be moved, the
blocking surface of the second gear wheel engages with the
blocking surface of the shutter device preventing movement
of the shutter device.
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17. The aerodynamic system according to claim 16,
wherein when the plurality of transmission surfaces of the
first rack of the shutter device engage with the plurality of
transmission surfaces of the second gear wheel causing the
shutter device to move, the blocking surface of the first gear
wheel engages with the blocking surface of the flap device
preventing movement of the flap.

18. The aerodynamic system according to claim 12,
wherein when the plurality of transmission surfaces of the
first rack of the shutter device engage with the plurality of
transmission surfaces of the second gear wheel causing the
shutter device to move, the blocking surface of the first gear
wheel engages with the blocking surface of the flap device
preventing movement of the flap.

19. The aerodynamic system according to claim 11,
wherein the plurality of transmission surfaces of the first
gear wheel comprises a plurality of radial projections that
includes one or more recessed projection, the plurality of
transmission surfaces of the first rack of the flap device
comprises a plurality of projections that includes a recessed
projection located at an end of the first rack of the flap
device, the first recessed projections of the first gear wheel
and the first rack of the flap device configured to facilitate an
engagement and disengagement of the first gear wheel with
the first rack of the flap device, the plurality of transmission
surfaces of the second gear wheel comprises a plurality of
radial projections that includes a recessed projection, the
plurality of transmission surfaces of the first rack of the
shutter device comprises a plurality of projections that
includes a recessed projection located at an end of the first
rack of the shutter device, the first recessed projections of
the second gear wheel and the first rack of the shutter device
configured to facilitate an engagement and disengagement of
the second gear wheel with the first rack of the shutter
device.
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